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INTRODUCTION
For many years, anatomical lung resection was performed via open thoracotomy (OT). In the 1990s, video-assisted thoracoscopic surgery (VATS) was introduced [1, 2] . Although the use of this approach has become widespread, it has yet to be homogenously adopted across all countries and institutions [3] . Several studies have compared VATS lobectomy with OT for lung cancer patients [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . Initially, single-institution studies and a few randomized trials sought to compare the outcomes of the 2 approaches [1, 8] . Subsequently, the European Society of Thoracic Surgery (ESTS) and the Society of Thoracic Surgeons (STS) conducted studies to compare early outcomes of VATS and open anatomical resection using propensity score matching and indicators such as morbidity and in-hospital mortality [4] [5] . While several studies found that the rates of morbidity were lower among patients who underwent VATS [4, 5] , others did not find any statistically significant difference between the outcomes obtained by the 2 approaches [6, 7] .
There is sparse information in the literature regarding outcomes of VATS for anatomical lung resection in Latin America. Emerging countries are typically characterized by a high burden of infectious diseases, limited public funding for health care, extremely unequal access to health care and a very diverse population from an ethnic perspective [13] . In addition, most studies compare only cancer patients, failing to include benign cases related to infectious diseases such as tuberculosis [3] [4] [5] [6] [7] [8] [9] [10] 12] . The generalizability of the findings of studies carried out in the USA or Europe to other realities is therefore questionable. In light of the above, the objective of this study was to compare morbidity and mortality rates among Brazilian patients undergoing anatomical lung resection performed via VATS or OT.
MATERIALS AND METHODS
The Brazilian Society of Thoracic Surgery (BSTS) database was launched in August 2015 using the ESTS online platform. The database initially comprised 5 participating academic and high-volume centres from different regions in Brazil. However, at the end of the data collection period, this number had increased to 10. A total of 3540 patients were registered in the BSTS database between August 2015 and December 2016. This study only includes patients who underwent an anatomical lung resection, regardless of baseline diagnosis. Cases where information regarding the outcomes of interest was unavailable were excluded. VATS was defined as a procedure using a thoracoscope performed via 1-3 port incisions without rib spreading. Muscle-sparing anterolateral or posterolateral thoracotomy was performed at the attending surgeon's discretion.
The main outcomes assessed were mortality at hospital discharge and in-hospital morbidity. Complications and major complications were defined according to the STS and ESTS collaborative task force standardization of variable definitions and terminology [14] . Major complications defined by the ESTS database are adult respiratory distress syndrome, initial ventilatory support >48 h, reintubation, atrial fibrillation, ventricular arrhythmia, atelectasis requiring bronchoscopy, pneumonia, deep vein thrombosis, pulmonary embolism, myocardial infarction, renal failure and cerebral vascular complications.
The following baseline variables were analysed: age at surgery, gender, predicted postoperative forced expiratory volume in 1 s (ppoFEV 1 %), the American Society of Anesthesiologists (ASA) physical status scale, body mass index (BMI), type of anatomical lung resection (lobectomy, segmentectomy, bilobectomy or pneumonectomy), resection for cancer and extended resection (chest wall, diaphragm resection, sleeve, superior sulcus tumour, atrial resection, superior venous cava resection/reconstruction or vertebral resection). The following comorbidities were also analysed: coronary artery disease, cerebral vascular disease, chronic kidney disease and insulin-dependent diabetes mellitus. Patients with primary lung cancer were classified according to the International Association for the Study of Lung Cancer (IASLC) seventh edition staging system.
Missing values for ppoFEV 1 % (4.2%) were imputed by the median value (62.4%), whereas gender-specific median values (25.5 and 25.2 kg/m 2 for females and males, respectively) were used for BMI (14.4%). The assumption of normality for continuous variables was tested using the Shapiro-Wilk test. For independent samples, testing for means and proportions was performed using the median 2-sample test and the Fisher's exact test, respectively. Standardized differences (%) between means and proportions were used to assess the statistical significance of differences between the 2 groups and to establish whether an adequate balance was achieved by matching (where >10 or <-10 = inadequately balanced) [15] . A generalized estimating equation was used to adjust for clustering of patients at different centres [15] . The following variables were used for propensity score matching: gender, ASA, type of lung resection, coronary artery disease, cerebral vascular disease, chronic kidney disease, diabetes mellitus, cancer diagnosis, BMI, both linear and quadratic terms for age at surgery and ppoVEF 1 %. Linearity assumptions for age at surgery, BMI and ppoFEV 1 % were tested using the score statistic for squared terms.
Patients were matched using the SAS macro OneToManyMTCH (Greedy 8-1 digit-matching algorithm) [16] . Generalized estimating equation was used to compare the VATS and the OT groups and calculate the odds ratios (OR) [95% confidence interval (CI)] for each outcome [15] . Subgroup analyses were performed using propensity score adjustment for patients aged over 70 years and < _70 years, ASA < _2, ASA >2, lobectomy or segmentectomy resection, ppoFEV 1 % <40% and cancer and benign diseases. Analyses were performed using the SAS 9.4 software package (SAS Institute, Inc., Cary, NC, USA) and R (for the Fisher's exact test), adopting a 5% significance level.
RESULTS
By the end of the data collection period, 1457 patients who underwent lung resection had been registered in the BSTS database, of which 1357 had undergone anatomical lung resection. Two patients were excluded because of lack of information regarding morbidity and mortality. The study sample therefore comprised 1355 patients, 704 of whom underwent thoracotomy and 651 VATS. Average age in the non-matched analysis was higher among the VATS group (63.4 compared with 58; P < 0.001). A little over half (55.3%) of patients who underwent minimally invasive surgery and 49.3% (P = 0.029) of those who underwent thoracotomy were women. Lung function (ppoFEV 1 %) was found to be different between VATS (63.8%) and thoracotomy (58.9%; P < 0.001). Lobectomy and segmentectomy were performed with greater frequency in VATS procedures (79.1% and 17.5%, respectively, compared with 70.7% and 9.4%, respectively, in OT; P < 0.001). The baseline characteristics of these 1355 patients are presented in Table 1 .
Linearity reflected in the logit scale was achieved for BMI (P = 0.268), age at surgery (P = 0.905) and ppoFEV 1 % (P = 0.145). Propensity score matching yielded 2 well-matched groups of 445 patients. The baseline characteristics of these 890 patients are shown in Table 2 . Table 3 presents associations for the main outcomes and specific complications after propensity score matching. The overall complications rate and major cardiopulmonary complication rate was lower in VATS patients (21.8% vs 30.1% in OT patients and 9.2% vs 16% in OT patients, respectively). The mortality rate was also lower among VATS patients (1.8% vs 2.5% in OT patients). However, this association was not statistically significant. Table 3 presents that the incidence of postoperative atelectasis requiring bronchoscopy and pneumonia was lower among VATS patients (2.7% vs 7% in OT patients and 5.4% vs 9% in OT patients, respectively; P = 0.005 and P = 0.034, respectively). 
DISCUSSION
In line with previous literature comparing VATS and OT [4, [8] [9] [10] [11] [12] 17] , our findings showed that the overall and major complications rates were significantly lower using the VATS approach. A separate analysis of each complication showed lower rates of prolonged air leak, pneumonia, atrial fibrillation, delirium and empyema in VATS patients. However, these findings were not statistically significant. Subgroup analysis suggests that the benefits of VATS are particularly important among higher risk patients with more comorbidities. No association was found between age and morbidity rate.
The rates of complication and the complications profile observed in this study were similar to those found by the largest Brazilian retrospective case series to assess the outcomes of VATS for anatomical lung resections [18] . Nevertheless, overall complication and major cardiopulmonary complication rates were slightly lower than those observed in other national registrybased studies using similar study populations (overall complications rate of 21.8% in our study, compared to 26.2% in the STS study and 29.1% in the ESTS study) [4, 5] . One explanation for this finding is the fact that the BSTS database comprises solely high-volume academic centres, which tend to achieve better outcomes [17] . The incidence of atrial fibrillation observed in our study was lower than the rates reported in the literature (2.2% vs 4.3% [4] and 7%) [10] . The inclusion of benign diseases might have influenced the overall complications rate and, in particular, the cardiovascular complications rate, because patients tend to be younger and have less cardiovascular comorbidities. The frequency of prolonged air leak after VATS (4.9%) was also lower than that found by Falcoz et al. [4] (10.1%). As for mortality, we found no difference in mortality rate between groups. However, this could be an issue of statistical power. A previous comparative study with a larger sample and also using propensity score matching demonstrated that the mortality rate was lower among VATS patients [4] .
It is important to highlight that Brazil is a country of continental dimensions and has a very heterogeneous population. Access to health care is extremely unequal and divided between public and private systems. VATS has only come into widespread use in the country over the last 10 years. Even so, access is mainly limited to the private sector due to funding problems. The findings of this study strongly support the wider adoption of VATS in Brazil, particularly for high-risk patients, for whom it provides particularly important benefits. These results are also generalizable to other emerging countries, especially those in Latin America, which share many of the same structural and demographic characteristics as Brazil.
Limitations
Our study has several limitations. Despite using prospective data collection and propensity score matching, this study did not have the same power as a randomized controlled trial. Furthermore, the data source used in the study was also subject to underreporting and miscoding. In addition, we were unable to evaluate the length of hospital stay, because the actual discharge date was influenced by socio-economic factors (availability of transport, caregiver, etc.). We are working to address this issue in our data set by identifying whether the patient received care under the public or private health system. Differences in staging remained between groups after propensity score matching; however, even studies conducted with larger patient samples were unable to achieve adequate balance. Although some of the associations observed by subgroup analyses were inaccurate or not statistically significant, point estimation suggested that the risk of complications was greater for OT, as described in literature [4, 5] . It is well known that the observational analyses based on clinical data have methodological limitations [19] , such as inaccurate estimation observed in some CIs. However, we believe that our results highlight the advantages of VATS and that this approach should therefore be adopted in other developing countries with similar health care systems and challenges. 
CONCLUSION
Finally, the overall and major complications rates were significantly lower in all types of VATS patients when compared with OT patients, confirming that this technique is safe and should be more widely adopted in emerging countries with a case mix that includes cancer and non-cancer patients.
